Introduction: The North Polar Layered Deposits (NPLD) of Mars play a key role in the Martian climate through an active exchange of water vapour with the atmosphere. In order to gain insight into the past and present Martian climate an increased understanding of the processes influencing the NPLD is critical [e.g. 1, 2]. Until recently our knowledge of the physical properties of the NPLD was limited to surface exposures, for example, studies of the layers exposed by troughs and scarps in the NPLD surface. However, radar sounding has now revealed that the layers exposed in the scarps are continuous over 100s of kilometers, extending into the interior and throughout the depth of the ice [3] .
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The stratigraphy and morphology of internal layers in ice sheets reflect the conditions under which they have been deposited [e.g. 4] and it has been demonstrated that the internal layers may be used to obtain information on past accumulation rates and flow history of the NPLD [5] . Although morphological evidence indicate that past ice flow may have occurred the conditions are currently not amenable for flow and the impact of ice flow on the overall shape of the NPLD has been widely debated [see 6, for review]. Perhaps the most compelling evidence for ice flow has been found in Gemina Lingula (GL, also referred to as Titania Lobe [7] ), the smaller lobe of Planum Boreum, where relict flow paths were calculated [8] .
Here we use the terrestrial approach of mapping the stratigraphy of internal radar reflectors to recover ice sheet history [e.g. 9]. We then compare our mapping to results from a three-dimensional ice flow model to determine the influence of flow.
Data and Methods:
The Shallow Radar (SHARAD) sounder onboard NASA's Mars Reconnaissance Orbiter (MRO) has retrieved extensive subsurface radar reflections from the NPLD used to map internal structure and large-scale stratigraphy [e.g. 3, 10]. Our results are based on analysis of six internal layers identified in over 80 observations crossing GL.
For the ice flow modelling, we assume that an internal horizon is an isochrone, i.e. marking a surface of the same age. As demonstrated by [5] knowledge of surface and bed topography and layer elevations is not sufficient to determine absolute accumulation rates. Thus we only concern ourselves with the accumulation pattern rather than the accumulation rate. For simplicity and to be consistent with [8] we assume that the troughs and scarps are a recent feature of the NPLD and that 
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they have not co-existed with ice flow. Furthermore we assume that the overall shape of the NPLD as well as the mass balance are constant in time. Then we calculate the internal layers as they would appear under the influence of ice flow and mass balance [see 11, for more information on the model].
Two scenarios are tested with the model, one where the accumulation is uniform over the entire ice cap and one where an area of ablation has been defined based on results from [8] .
Results and Discussion: In the radargrams where internal layers could be identified (each horizon was present in over 80% of the radargrams analyzed) the layers were smooth and followed bed and surface topography with almost no sudden dips down towards the bedrock or up towards the surface of the ice. The overall trend for all horizons was a gradual increase in elevation going from West to East. While the upper horizons had a parabola-like shape with the point of highest elevation practically always towards the south and the lowest part towards Chasma Boreale and the north, the lower horizons were found to be much flatter and did not to nearly the same extent display a parabolic shape.
In comparison with the model results the lower horizons that are almost flat obtain an overall better fit than the upper horizons. This is to be expected as deep layers in a flowing ice sheet will reflect basal topography and thus have very flat layer stratigraphy where the bed is flat as is the case here. In the saddle-region between NPLD and GL the model cannot reproduce the observed layers (Figure 1b) . The results indicate that the assumption of flow from the NPLD to GL with a uniform accumulation pattern as used in the model is incorrect, unless the layer geometries represent an ice sheet that extended much farther south, or had a very non-uniform accumulation pattern not represented by the model scenario.
In the ice flow model the introduction of an ablation zone causes a change in layer slope [cf. 5, Fig. 6 ]. However, in the radargrams we did not detect any signs of layering similar to the results from the scenario with an ablation zone (Figure 1c ). This indicates that either ice flow has had very little influence on the stratigraphy of the layers or, if ice flow has influenced the layer stratigraphy that there has been no ablation during that time. In addition, the fact that there was no sign of layers intersecting or moving towards the surface suggests that the horizons are all in an old accumulation area. In other words we find no evidence from the internal horizons that the mass balance of GL has been dominated by "accublation" (interchanging zones of accumulation and ablation) for substantial periods of time as suggested in other studies [e.g. 12] .
The fact that the lower layers are nearly flat lying could also be consistent with uniform deposition and a lack of flow and does therefore not necessarily imply influence from ice flow. The differences observed in the upper and lower layers may be explained by the existence of an angular unconformity recently identified within GL [10] indicating a time gap. It is possible that the lower layers experienced a significantly different history than the upper layers, and/or that the geometry of the upper layers is primarily the result of draping the unconformity surface which is an elongated dome.
